) intended for the malting industry. Factors such as cultivar, cultural practices, and climate will determine whether barley will be used for malting or feed.
alpha amylase, diastatic power) also meet standards of the malting industry (Burkhart and Dickson, 1946) .
Because N fertilization directly affects grain N concentrations, N management is an important cultural practice for growers of malting barley. Therefore, N management practices must be constantly evaluated on accepted and new cultivars.
Nitrogen injected 0.1 to 0.15 m deep in the soil increased yields and leaf N content for no-till and conventionally planted corn (Mengel et al., 1982) . The results of this study indicated that the improved N use observed in the study probably resulted from decreased NH3 volatilization and immobilization commonly associated with surface-applied N fertilizers.
Using these assumptions, since most N fertilizer applied for malting barley production in the area is incorporated, it seemed probable that the major benefit from subsurface N placement would be to reduce N immobilization that could be occumng in the high organic matter soils present in these areas.
This study was undertaken to evaluate the effect of N rate and placement on N content of the young plant, forage and grain yields, and quality of malting barley cultivars.
MATERIALS AND METHODS
Field experiments were conducted at the Northwest Experiment Station, Crookston, MN, during 1981 MN, during , 1982 , and 1983 on a Hegne silty clay loam soil (fine, frigid Typic Calciaquolls). Soil samples were collected from the 0-to 0.6-m depth and analyzed for NO3-N, while soil samples collected from the 0-to 0.15-m depth were analyzed for pH, organic matter, NaHC0,-P, and exchangeable K (Dahnke, 1980) . In the spring prior to planting each year, 15 cores per depth were collected from each replication and composited. These samples were then air-dried and ground for analyses. Results of the analyses are shown in Table 1 . Each site was moldboard plowed in the fall followed by one or two spring tillage operations with a field cultivator prior to planting.
Urea-ammonium nitrate solution (UAN, N at N rates of 0, 56, 112, and 168 kg ha-' and in preplant placements, broadcast, or knifed-in, was applied in a complete factorial arrangement in a randomized complete-block design with four replications. Broadcast N applications were sprayed on the soil surface. Knifed-in applications were made at the 0.15-m depth utilizing a small-plot anhydrous ammonia applicator with knives spaced 0.3 m apart, and equipped with a second tube located behind the anhydrous tube for delivery of liquid materials. A ground-driven pump was used to meter fertilizer for both application methods. All 0-N knifed-in plots had the knives pulled through. After fertilizer application, the soil was tilled with a field cultivator (Burkhart and Dickson, 1946) . Analyses of variance were conducted both within and among years, among years only after homogeneity of error had been determined using Bartlett's test. Results of the 1983 experiment were analyzed along with those of 198 1 and 1982 by dropping the results obtained with Robust to obtain an overall analysis for Morex and Glenn. Results from 1983 were also analyzed alone to provide some information on the performance of Robust in comparison to the other two cultivars. Nitrogen rate effects were partitioned into linear and quadratic components.
RESULTS AND DISCUSSION
Three-year means for cultivars Morex and Glenn X N rate X method effects on early plant N, forage yield and N concentrations, and grain yield, quality, and N concentrations are presented in Table 2 . In this analysis, significant treatment (cultivar, N rate, method) significant treatment X year interactions were most likely due to differences in initial NO3-N levels in the 0-to 0.6-m depth as presented in Table 1 . This conclusion is supported by examination of grain yield responses to applied N for cultivars for each year (Fig.  1) . Grain yield responses during 1981 and 1983 were similar, as were the initial N03-N levels, while during 1982, responses were negligible when initial N03-N was much higher (Fig. 1) . Soper and Huang (1 963) also accounted for a large part of the variability in barley yield responses by considering differences in soil NO3-N level at seeding time.
1981
Growing conditions for malting barley were excellent and resulted in the highest forage and grain yields in the study. Under these conditions, significant cultivar and N rate responses were obtained (Table 3) . Morex tended to have higher plant N at Feekes stage 4 and grain N concentrations, while Glenn had higher forage and grain yields and percent plump kernels at all levels of applied N (Table 3) . Differences in forage and grain yields, although significant, are mainly at the point of maximum yield and occur with the higher N rates primarily because of more lodging with Morex as compared to Glenn. Observations of differences in lodging, although not reported here, are supported by comparing percent plump kernels for the two cultivars. Morex started to lodge with the application of 112 kg N ha-', while Glenn only lodged at the highest rate, 168 kg ha-'. Comparison of both cultivars indicated that Morex tended to lose kernel plumpness much earlier than Glenn, but with both cultivars, loss in kernel plumpness was closely related to N levels where lodging had been observed.
Knifed-in N resulted in significantly higher plant N concentrations in the forage than did broadcast N, but no other differences were obtained.
1982
In contrast to 1981, Morex had significantly higher forage yields than Glenn at all levels of applied N (Table 4) . Similarly, Morex grain yields were significantly higher at all levels of applied N, except at the 168 kg N ha-' level, where lodging was again observed. Grain yield responses to N rate, although significant, were not nearly as dramatic as those of 198 1 and were probably a result of less favorable environmental conditions and a high level of residual N03-N available at the start of the growing season (Table 1) . Results tB = broadcast; I = knifed-in, from 1981 would have precluded that more lodging should have occurred with the N levels applied in addition to the NO 3 -N present in the soil profile. Additional evidence of the less favorable growing conditions is provided when yields from the 2 yr are compared (Tables 3 and 4) . Yield levels in 1981, without any applied N, exceeded those in 1982 at all levels of applied N. Kernel plumpness for Morex was severely reduced as N rate increased, while with Glenn, little or no change was observed.
No differences were obtained between methods of N application on any of the measured variables.
1983
Responses in 1983 were similar to those obtained in 1981, except that yields were not as high (Table 5) . Early in the growing season, temperatures were relatively cool and conditions appeared optimal for malting barley production, as is evidenced by the high for- *,** Significant at 0.05 and 0.01 probability levels, respectively. NS = nonsignificant. tB = broadcast; I = knifed-in. age yields. However, beginning in early July and continuing throughout the rest of the growing season, high temperatures and little rainfall resulted in lower grain yields. All three cultivars responded similarly to applied N. Glenn had higher forage and grain yields and percent plump kernels than did Morex at all levels of applied N. Morex had higher early plant N concentration than Glenn at all levels of applied N. The newly released cultivar, Robust, responded similarly to both Morex and Glenn at the lower levels of applied N (0 and 56 kg N ha~'), but unlike Morex and Glenn, it continued to respond to the highest level of applied N. Robust also maintained a high percentage of plump kernels at higher N rates, unlike either of the other two cultivars.
Early plant N concentrations were significantly higher with knifed-in N than with broadcast N. These results suggest that with relatively cool early season temperatures, knifed-in N may be more favorable because the N is placed in the root zone area for increased N uptake in the early plant growth stages.
CONCLUSIONS
Nitrogen is an important factor in malting barley production as has been shown in this study and many others. As conjectured, immobilization may be occurring on the soils in this area, but despite differences in early plant and forage N concentrations between knifed-in and broadcast applications, grain yield and quality were not affected. Therefore, placement does not appear to be a critical factor in N management for malting barley at this time. Grain yields, grain N, and percent plump kernels were affected by N rates amd cultivar, but grain N concentrations never exceeded those permitted by the malting barley industry. Grain yields and percent plump kernels then became the main considerations for cultivar evaluation. Glenn was superior to Morex based on grain yield and percent plump kernels during the 3 yr of the study (Table 2) . Using these same criteria in 1983, Robust was superior to both Morex and Glenn.
The performances of Morex, Glenn, and Robust point to great improvements in malting barley development. These studies also emphasize that careful N management can optimize yield and quality of individual cultivars.
